REF. NO. AA 



<5) 



Europaisches Patentamt 
European Patent Office 
Office europden des brevets 



© Publication number 



0 328 134 

A2 



© 



© Application number 89102326.9 
© Date of filing: 10.02.89 



EUROPEAN PATENT APPLICATION 

© int. CI/S H01S 3/19 , H01L 33/00 



® Priority: 25.03.88 JP 69641/88 
22.0Z88 JP 37543/88 
10.02.88 JP 27668/88 

© Date of publication of application: 
18,08.89 Bulletin 89/33 

® Designated Contracting States: 
DE FR GB 

© Applicant KABUSHIKI. KAJSHA TOSHIBA 
72, Horikawa-cho Saiwai-ku 
Kawasakl-shi Kanagawa-ken 210(JP) 

© Inventor: Ohba, Yasuo McoopMaruyamadal 
202 

Maruyamadal 2-29-8 Konan-ku 

Yokohama-ehi Kanagawa-ken (JP) 

Inventor: Nlshikawa, Yukle 

5-11-12 Tsudanuma 

Narashlno-shl Chlba-ken(JP) 

Inventor Okuda, HaJIme Hodogayagreentown 

K-403 



37-24 Fujlzuka-cho Hodogaya-ku 
Yokohama-shl Kanagawa-ken(JP) 
Inventor Ishikawa, Masayukl 
PurumieNlahlmlne 203 
2-9 Nlshlmlnemachi Nlshlmlnemaohl 
Ota-ku Tokyo(JP) 
Inventor Sugawara t HIdeto 
Toshlbahakuunryo 2-30-18 Tamagawa 
Ota-ku Tokyo(JP) 
Inventor: Shiozawa, Hideo 
Toshlbashlnkoyasuryo 
2-14-10 Shlnkoyasu Kanagawa-ku 
Yokohama-shl Kanagawa-ken(JP) 
Inventor Kokubun, Yoshlhlro 
20-14-209, Hosen 2-chome Hodogaya-ku 
Yokohama-shl Kanagawa-ken (JP) 

© Representative: Lehn, Werner, DIpL-lng. et aJ 
Hoffmann, ElUe & Partner Patentanwsilte 
Arabellastrasse 4 
D-8000 MUnchen 81 (DE) 



© Semiconductor laser device and method of manufacturing semiconductor laser device. 



© A semiconductor laser device using double 
heterostructure comprised of In^ayA^ . x . y P (0 2 x 
S 1, 0 * y s 1), capable of preventing the leakage of 
the carriers and thereby reducing the threshold cur- 
rent, being operative with small threshold current 
^density and at high temperature, and having a long 
lifetime. The device may Include a double 
heterostructure formed on the QaAs substrate (11)- 
.comprised of InxGayAI, . x . y P (0 S x * 1, 0 £ y £ 1) 
w Including an active layer (14), the active layer (14) 
^having an Impurity concentration not greater than 5 x 
CO10 16 cm*^. The device may Include a double 
q heterostructure formed on the QaAs substrate (11), 
comprised of InQaP active layer (11) and p-type ln q 
gj(Qa, . sAIJqP (0 * q S 1, 0 2 z S 1) cladding layer 
•""(^with a value of z between 0.65 and 0.75. The 
device may include a double heterostructure formed 



on the GaAs substrate (11), comprised of InxQayAI, . 
x . y P (0 S x * 1, 0 S y * 1) Including an n-type 
cladding layer (13)and a p-type cladding layer (15), 
one of the n-type cladding layer (I3)and the p-type 
cladding layer (15)belng Si-doped. A method of 
manufacturing the device Is also disclosed. 
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SEMICONDUCTOR LASER DEVICE AND METHOD OF MANUFACTURING SEMICONDUCTOR LASER 

VICE 



BACKGROUND OF THE INVENTION 



Field of the Invention 

The present Invention relates to a semiconduc- 
tor laser device using double heterostructure com- 
prised of semiconductlve material of composition 
ln x GayAlt . x . y P (0 £ x £ 1, 0 £ y £ 1). 



Description of the Background Art 

Lately, much attention has been paid for a 
visible light semiconductor laser device using dou- 
ble heterostructure comprised of semiconductive 
material of composition ln x GayAli - x - y P (0 £ x £ 1, 
0 £ y £ 1) manufactured as metalorganlc materials 
grown on GaAs substrate by metalorganic chemical 
vapor deposition (referred hereafter as MOCVD) or 
by molecular beam epitaxy (referred hereafter as 
MBE). In particular, crystalline InGaAIP among the 
group III - V composite semiconductive materials is 
considered to be Important in constructing a short 
wavelength semiconductor laser device. There has 
been reports of such devices with over 1,000 hours 
lifetime. 

Now, a threshold current for lasing of a semi- 
conductor laser device should preferably be low, so 
as to reduce amounts of current in operational state 
as well as to improve lifetime characteristics of the 
device. This threshold current Is determined by an 
amount of carriers leaking through an active layer 
and, in particular, It is considered that preventing 
the leakage of electrons of small effective mass 
Into a p-type cladding layer has significant effect. 

In this regard, a conventional laser device us- 
ing Ga n . (0 £ r £ 1) has little problem In 
reducing the threshold current, since In such a 
conventional laser device it Is possible to make a 
conduction band discontinuity between an active 
layer and a p-type dadding layer sufficiently large 
which can contribute to the prevention of the leak- 
age of electrons from the active layer into the p- 
type cladding layer. 

However, since ln x GayAI, . x . yP (0 £ x £ 1 , 0 £ 
y £ 1) has a smaller conduction band discontinuity 
than Ga, . r AJ f As (0 £ r £ 1), It has been difficult for 
a semiconductor laser device using I^Ga^ . x . y P 
(0 £ x £ 1, 0 £ y £ 1) to achieve a sufficient 
prevention of the leakage of electrons from the 
active layer into the p-type cladding layer, or in 
other words, an effective confinement of carriers. 

Thus, conventionally a semiconductor laser de- 



vice using InKGayAI, . « . yP (0 £ x £ 1, 0 £ y £ 1) 
has been associated with a relatively high threshold 
current and various disadvantages arising from this 
such as those mentioned above, 
s In addition, a semiconductor laser device using 
ln x GayAl t . x . y P (0 £ x £ 1, 0 £ y £ 1) has other 
difficulties concerning a threshold current density 
and a characteristic temperature. 

Namely, the band gap energy of a semlcon* 

to ductor laser device using InxGayAJ, . x . yP (0 £ x £ 
1, 0 £ y £ 1) grown on GaAs substrate can be 
varied between approximately 1.8 eV and 2. 35 eV 
by changing the amount of Ga and Al, l.e., x and y 
in the expression. This range of the band gap 

is energy corresponds to the lasing wavelength of 
approximately 0.68 urn to 0.58 am. Actual com- 
positions most commonly employed for such a 
semiconductor iaser device are the active layer of 
Gao.5lno.5P and the p-type cladding layer of (AI 2 Qa, 

20 . xtoJrtoP (0 £ 2 £ 1). The value of 2 is typically 
chosen to be between 0.4 and 0.5. 

However, photolumlnescence (PL) peak 
wavelengths at room tempeature (25 * C) of such a 
semiconductor laser device measured as a function 

25 of 2, which are shown in Fig. 1 where the vertical • 
axis is wavelength and horizontal axis Is 2, shows 
that the expression: 
X = - 172z + 662 (nm) 

holds for 2 < 0.7. From this Information, the band 
30 gap AEg between the active layer and the p-type 
cladding layer can be derived to be AEg = 0.215 
eV for 2 a 0.4, and AEg = 0.28 eV for z * 0.5, 
both of which failing to satisfy AEg 2 0.3 eV which 
is considered to be a necessary condition for a 
36 semiconductor device to be oeprative with low 
threshold current at a high temperature. In fact, a 
sample semiconductor laser device of whole elec- 
trode type possessed very large threshold current 
density of 3 kA/cm 2 for 2 ■ 0.4, and relatively 
40 large threshold current density of 1 .6 - 2 kA/cm 2 for 
2 = 0.5. Moreover.the characteristic temperature 
was small for this sample semiconductor laser de- 
vice so that emission at high temperature was not 
obtainable. 

46 Thus, conventionally It has been very difficult, 
if not impossible, to make a semiconductor laser 
device using I^GayAJ, . x . y P (0 £ x £ 1, 0 £ y £ 1) 
having the band gap AEg Z 0.3 eV, so that the 
threshold current density has been large and the 

so characteristic temperature has been small. 

Furthermore, use of MOCVD for growing 
IrvGayAl, . x . y P (0 £ x £ 1, 0 £ y £ 1) give rises to 
further problems related to doping. 

Namely, MOCVD has conventionally been car- 
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rfed out with selenium (Se) obtained from hydrogen 
selenide (H 2 Se) as n-type dopant Yet, there has 
been scarcely any study on controllability of Se- 
doping applied to Ir^Qa^ .x.yP(0*x*1,0Sy 
* 1). With this respect, the doping efficiencies of 
Se-doping from H 2 Se in MOCVD for growing on 
GaAs substrate, Ir^Qa^ . x . y P(0 S x* 1, 0 S y S 
1), and QaAs are shown in Fig. 2. In addition, 
substrate temperature dependences of the doping 
efficiencies for InGaP and InAlP are shown In Rgs. 
3 and 4, respectively. 

From Rgs. 2, 3, and 4, the following problems 
of growing of Se-doped InGaAlP by MOCVD can 
be deduced: 

(I) The doping efficiencies depend heavily on 
composition, which makes uniform doping difficult, 
especially at boundaries of different compositions. 

(li) When InGaAlP is grown on GaAs sub- 
strate such that the density of Se in GaAs becomes 
about 1 x 10 ,a cm-a, due to diffusions and other 
effects the density of Se In InGaAlP nearby GaAs 
substrate becomes almost 1 x 10 ,S cm" 3 as a 
doping efficiency of InGaAlP is greater than that of 
GaAs by order of one, which greatly lessens the 
lifetime of the device. 

(lli)The doping efficiencies also depends 
heavily on the substrate temepature and, In particu- 
lar, considerable variation In the carrier density in 
InAlP is caused by a slight variation In the sub- 
strate tempeature, which makes stable dopina dif- 
ficult 



SUMMARY OF THE INVENTION 

It Is therefore an object of the present Invention 
to provide a semiconductor laser device using dou- 
ble heterostructure comprised of semiconductive 
material of composition InxGayAI., . * . yP (0 :S x * 1, 
0 S y SM), capable of preventing the leakage of the 
carriers and thereby reducing the threshold current 

Another object of the present Invention Is to 
provide a semiconductor laser device using double 
heterostructure comprised of semiconductive ma- 
terial of composition InxGayAii . x . y P (0 s x S 1 , 0 2 
y * 1), capable of being operative with small 
threshold current density and at high temperature. 

Another object of the present invention Is to 
provide a semiconductor laser device using double 
heterostructure comprised of semiconductive ma- 
terial of composition I^Ga^ . x . y P (0 * x S 1 , 0 S 
y S 1), having a long lifetime, and a method of 
manufacturing such a semiconductor laser device. 

According to one aspect of the present Inven- 
tion there is provided a semiconductor laser de- 
vice, comprising: a GaAs substrate; and a double 
heterostructure formed on the GaAs substrate, 



comprised of In^a^l, . „ . yP (0 S x S 1 r 0 i y S 1), 
including an active layer, the active layer having a 
carrier concentration not greater than 5 x 
10*cm-3. 

5 According to another aspect of the present 
invention there Is provided a semiconductor laser 
device, comprising: a GaAs substrate; and a double 
heterostructure formed on the GaAs substrate, 
comprised of InGaP active layer and p-type ln q - 

10 (Ga, . ^P (0SqSi,0*2*1) cladding layer 
with a value of z between 0.65 and 0.7S. 

According to another aspect of the present 
Invention there Is provided a semiconductor laser 
device, comprising: a GaAs substrate; and a double 

75 heterostructure formed on the GaAs substrate, 
comprised of InxGayAI, . x .yP(0Sx*1 ( 0Sy:Slj 
including an n-type cladding layer and an p-type 
cladding layer, the n-type cladding layer being Si- 
doped. 

20 According to another aspect of the present 
Invention there is provided a method of manufac- 
turing semiconductor laser device comprising the 
steps of: placing GaAs substrate In. a reaction 
chamber: heating up the GaAs substrate with raw 

25 material gases belonging to the group 111 and the 
group V; and forming on the GaAs substrate an n- 
type cladding layer, an active layer and a p-type 
cladding layer by MOCVD, the n-type cladding 
layer being formed with silane gas as a raw ma- 

30 terial for dopant 

Other features and advantages of the present 
Invention will become apparent from the following 
description taken In conjunction with the accom- 
panying drawings. 

35 

BRIEF DESCRIPTION OF THE ORAWINGS 

Rg. 1 is a graph of photolumlnescence (PL) 
40 peak wavelength at room tempeature (25 *C) ver- 
sus amount of Al In the p-type cladding layer for a 
conventional semiconductor laser device. 

Rg. 2 is a graph of doping efficiencies of 
Se-doping from H 2 Se In MOCVD for growing on 
45 QaAs substrate. In^ayA!, . * . y P (0 * x * 1, 0 S y * 
1), and GaAs, versus amount of Al in the p-type 
cladding layer for a conventional semiconductor 
laser device. 

Rg. 3 is a graph showing substrate tempera- 
so ture dependences of the doping efficiencies for 
InGaP for a conventional semiconductor laser de- 
vice. 

Rg. 4 is a graph showing substrate tempera- 
ture dependences of the doping efficiencies for 
56 InAlP for a conventional semiconductor laser de- 
vice. 
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Fig. 5 is a schematic cross sectional view of 
a semiconductor laser device according to one 
embodiment of the present Invention. 

Fig. 6 is a graph of the threshold current 
versus carrier concentration In the active layer for 
the semiconductor laser device shown in Fig. 5. 

Fig. 7 is a graph of the carrier concentration 
in the p-type cladding layer versus amount of 
dlmethyizinc supply for doping of the semiconduc- 
tor laser device shown in Fig. 5. 

Fig. 8 is a graph of the operation current 
versus conduction period for the semiconductor 
laser device shown in Fig. 5. 

Fig. 9 Is a graph of the threshold current 
versus the carrier concentration in the p-type clad- 
ding layer for the semiconductor laser device 
shown in Rg. 5. 

Fig. 10 is a graph of the maximum iasing 
temperature for continuous wave operation versus 
the characteristic temperature for the semiconduc- 
tor laser device shown In Rg. 5. 

Fig. 11 is a graph of the characteristic tern- 
peature versus the carrier concentration In the p- 
type cladding layer for the semiconductor laser 
device shown In Rg. 5. 

Rg. 12 Is a graph of the threshold current 
density versus amount of AJ in the p-type cladding 
layer for the semiconductor laser device shown In 
Fig. 5, showing in addition the characteristic tem- 
perature and the maximum Iasing temperature as a 
functions of amount of AJ In the p-type cladding 
layer. 

Rg. 13 is a schematic cross sectional view 
of a semiconductor laser device according to one 
alternative embodiment of the present Invention. 

Rg. 14 is a schematic cross sectional view 
of a semiconductor laser device according to an- 
other alternative embodiment of the present inven- 
tion. 

Rg. 15 Is a graph of doping efficiencies of 
Se-doping from H 2 Se in MOCVD for growing on 
GaAs substrate, ln x GayAli . x . y P (0 * x S 1, 0 S y S 
1), and GaAs for the semiconductor laser device 
shown in Rg. 14. 



DETAILED DESCRIPTION OF THE PREFER RED 
EMBODIMENTS " 

Referring now to Rg. 5. there is shown one 
embodiment of a semiconductor laser device ac- 
cording to the present Invention. 

This semiconductor laser device comprises 
multi-layer structure of, from bottom to top, an 
AuQe electrode 10, an n-type GaAs substrate 11, 
an n-type GaAs buffer layer 12 of 0.5 urn thick- 
ness, an n-type lno.5Gao.15AIo.36P cladding layer 13 
of 0.8 am thickness, an fno.5Gao.5P active layer 14 



of 0.1 urn thickness, a p-type Ino^Gao.isAJo^P 
cladding layer 15 of 0.6 urn thickness, a p-type 
InojGaojjP capping layer 18 of 0.05 urn thickness, 
an n-type GaAs block layer 17 of 0.8 urn thickness, 
s a p-type GaAs contact layer 18 of \2 urn thick- 
ness, a p*-GaAs contact layer 19 of 0.3 urn thick- 
ness, and an AuZn electrode. There Is a stripe- 
shaped current pinching section 30 at boundary 
between the n-type GaAs block layer 17 and the p- 

70 type GaAs contact layer 18. such that only the 
current pinching section 30 of the p-type GaAs 
contact layer 18 has a direct contact with the p- 
type ln 0 jGaojP capping layer 18. Because of this 
configuration, enterring currents will be confined In 

15 the current pinching section 30 as the current 
pinching section 30 acts as a pn inversion layer, 
and as a result, laser beam emission takes place in 
the InoaGaasP active layer 14 along the current 
pinching section 30. 

20 This multi-layer structure is grown by using 
reduced pressure MOCVD under the conditions of 
730 "C substrate temperature, 25 Torr reaction 
chamber pressure, and 3 um/h growing speed. The 
procedure of growing is as follows. Rrst layers 

28 from the n-type GaAs substrate 11 to the n-type 
GaAs block layer 17 are grown successively, and a 
stripe-shaped Incision is made on the n-type GaAs 
block layer 17, then the p-type GaAs contact layer 
18 and the p*-GaAs contact layer 19 are grown. 

30 Impurity In the p-type InojGao.15Alo.35P dad- 
ding layer 15 Is zinc(Zn), and the carrier concentra- 
tion In the InojGaojP active layer 14 Is controlled 
by varying the carrier concentration In the p-type 
lno.5Gao.tsAlo.35P cladding layer 15 and thereby 

35 varying amount of diffusion of Zn Into the 
ino.5Gao.5P active layer 14. Conventionally, 
magnesium(Mg) is also frequently used as impurity 
in the p-type cladding layer, but Mg is not desir- 
able in this embodiment since it is difficult to 

40 control the formation of pn Junction with this impu- 
rity. 

Impurity In the n-type InojGao.15Alo.35P clad- 
ding layer 13 is SUicon(SI), unlike the conventional 
choice of Selenium(Se). This choice is significant 

4s because in the double heterostructure, the small- 
ness of the carrier concentration difference be- 
tween the active layer and the cladding layer ne- 
cessitates a fine controlling of the carrier con- 
centrations, and the use of Si as an n-type dopant 

so Improve the controllability of the carrier concentra- 
tions, such that the composition dependence of the 
doping efficiencies, particularly of the n-type GaAs 
buffer layer 12 and the n-type lno.5Gao.1sAlo.35P 
cladding cladding layer 13, can be lessened, the 

55 memory effect can be reduced, and the variation of 
the carrier concentration due to the change in the 
growth temperature can be reduced. 

Since the diffusion of SI Into the ln 0 jGaojP 
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active layer 14 Is negligible as SI is much less 
diffusive than Zn, the carrier concentration In the 
carrier concentration In the Jn 0 ^GaojP active layer 
14 depends solely on the diffusion of Zn from the 
p-type lnojGao.isAlo^aP cladding layer 15, and not s 
on the carrier concentration in the n-type 
tno.eGao.i6AI0.35P cladding layer 13 In this embodi- 
ment In addition, this embodiment is characterized 
in that the carrier concentration in the Ino.5Gao.5P 
active layer 14 is controlled to be less than or 10 
equal to 5 x 10 16 cm" 3 . The significance of 5 x 
t0 ,s cnv 3 will be explained in detail below. 

The carrier concentrations In each layer of this 
embodiment are 5 x lO^cm" 3 for the n-type GaAs 
buffer layer 12, 1 x 10 17 - 1 x 10 18 cm- 3 for the n- is 
type In 0 . B Gao.i6Aloj6P cladding layer 13, 5 x 10 18 - 
5 x 10 l7 cm-3 for the p-type lrio.5Gao.t5Alo.35P clad- 
ding layer 15, 7 x lO^cnr 3 for the p-type 
Ino^GaojP capping layer 16, 4 x 10 1 »cnr 3 for the 
n-type GaAs block layer 17, 2 x 10 ,a cm- 3 for the 20 
p-type GaAs contact layer 18, and 1 x 10 19 cnr 3 
for the p*-GaAs contact layer 19. These carrier 
concentrations are measured by the C-V method. 
In addition, this embodiment Is characterized in 
that the carrier concentration In the 26 
lno.5Gao.15Alo.36P ciadding layer 15 is set to be less 
than or equal to one half of the maximum carrier 
concentration obtainable by Zn-doping. The signifi- 
cance of this last condition will also be explained In 
detail beiow. * ao 

The relationship between the carrier concentra- 
tion in the lno.5Gao.5P active layer 14 and the 
threshold current for lasing In this embodiment is 
shown in Fig. 6. This graph was obtained by the 
semiconductor laser device according to the 35 
present invention as described above, with the car- 
rier concentration in the n-type lno.5Gao.13AJo.35P 
cladding layer 13 of 4 x 10 17 cnrr 3 , the stripe width 
of 7 urn, and the resonant cavity length of 300 urn. 
Fig. 6 shows that the threshold current becomes 40 
less than 50 mA when the carrier concentration in 
the lno.5Gao.5P active layer 14 is less than 5 x 
10 ,5 cm" 3 , but Increases rapidly beyond 100 mA 
when the carrier concentration in the In 0 jGao^P 
active layer 14 is greater than 5 x 10 ,5 cnr 3 . Fur- 45 
thermore, the fact that the threshold current de- 
creases until the carrier concentration In the 
lno.5Gao.5P active layer 14 becomes 5 x I0 15 cm~ 3 
had been established experimentally, and that the 
semiconductor laser device of this embodiment so 
remains operative over 1000 hours at 40 - C tem- 
perature and 3 mW light output had been ob- 
served. 

Thus, Fig. 6 clearly indicates that the confine- 
ment of the carriers and therefore the threshold 55 
current are greatly affected by the variation of the 
carrier concentration in the Ino^Gao^P active layer 
14. Consequently, It can be discerned that the 



carrier concentration In the ln OJ Gao^P active layer 
14 plays a crucial role in constructing a semicon- 
ductor laser device using InxGayAI, . x . y P (0 * x S 
1. 0 S y S 1) capable of preventing the leakage of 
the carriers and thereby reducing the threshold 
current 

This latter fact Is due to the following reason. In 
a semiconductor laser device using InxGayAJt . K . y P 
(0 S x * 1, 0 * y * 1), In which the active layer is 
comprised of InojGaosP, the energy gap between 
the active layer and the p-type cladding layer can 
be made sufficiently large by making the composi- 
tion of Al, 1-x-y, sufficiently large in the p-type 
cladding layer. This Is because a built-in potential 
appears as a barrier for the carriers. The built-in 
potential is present in the depletion layer between 
the active layer and the p-type cladding layer, but 
the precise location of the depletion layer changes 
according to the carrier concentrations in the active 
layer and the p-type cladding layer. Namely, when 
the carrier concentration In the active layer Is great- 
er than that in the p-type cladding layer, most of 
the depletion layer Is In the p-type ciadding layer, 
In which case the built-in potential is Ineffective In 
preventing the leakage of the electrons. On the 
other hand, when the carrier concentration In the 
active layer Is sufficiently less than that In the p- 
type cladding layer, most of the depletion layer Is 
in the active layer, In which case the electrons are 
bound by the built-in potential. 

Now, the manner of controlling the carrier con- 
centration In the lno.5Gao.5P active layer 14 will be 
explained. 

Zn-doping characteristic of lno.5Gao.15AI0.36P Is 
shown in Fig. 7, in terms of the carrier concentra- 
tion versus the amount of diluted dlmethylzinc to 
be supplied from which the dopant Zn is obtained. 
Fig. 7 shows that when the amount of diluted 
dlmethylzinc supply Is less than 1 cc/min., the 
carrier concentration is proportional to the amount 
of dlmethylzinc supply, but otherwise the carrier 
concentration gets saturated at 5 x I0 17 cnr 3 . 

Now, when the doping of the p-type cladding 
layer was carried out with such an amount of 
dlmethylzinc supply for which the carrier concen- 
tration gets saturated, abrupt diffusion of Zn Into 
the active layer occurred and the carrier concentra- 
tion In the active layer became over 1 x 10 17 cm~ 3 . 
On the other hand, when the doping of the p-type 
ciadding layer was carried out with such an amount 
of dlmethylzinc supply for which the Zn-doping 
characteristic has linear behavior, the diffusion of 
Zn was small, and moreover, when the carrier 
concentration in the p-type cladding layer was set 
to be less than a half of the maximum carrier 
concentration value obtainable, there was hardly 
any diffusion of Zn and the carrier concentration In 
the active layer became less than 1 x lO^cm* 3 . 
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To be more specific, when the carrier con- 
centrations In the n-type cladding layer and the p- 
type cladding layer were set to be 4 x 10 ,7 crrr 3 
and 2 x 10 17 cm~3, respectively, the carrier con- 
centration in the active layer was less than 1 x 
l0 1s cm-3 and the threshold current for laslng was 
45 mA. This result was obtained with the stripe 
width of 7 urn and the resonant cavity length of 
300 am. The threshold current will be 50 mA for 
the carrier concentration in the active layer of less 
than 5 x 10 ,fi cm- 3 , but the aforementioned result of 
the carrier concentration being less than 1 x 
10 u cm" 3 is more desirable. 

Thus, in the.Zn-doping of the p-type cladding 
layer, the diffusion of the Zn Into the active layer, 
and thereby the threshold current, can be sup- 
pressed by setting the carrier concentration In the 
p-type cladding layer to be less than a half of the 
maximum value obtainable, which is 2.5 x 
10 17 cm- 3 . 

The relationship between operation current and 
conduction period for this embodiment of semicon- 
ductor laser device is shown In Fig. 8. This graph 
was obtained with the carrier concentration in the 
p-type cladding layer of 2 x lO^cnr* the carrier 
concentration In the active layer of less than 1 x 
I0 ,€ cnr 3 , foe strjpe width ^ 7 Rm| and ^ e res(> 

nant cavity length of 300 urn, at 40 * C tempera- 
ture and 3 mW light output Fig. 8 shows that when 
the carrier concentration in the n-type cladding 
layer became more than. 5 x 10 ,7 cm- 3 the opera- 
tion current increased sharply during the early con- 
duction period and stable continuous wave opera- 
tion was impossible. On the other hand, when the 
carrier concentration in the n-type cladding layer 
became less than 5 x lO^cm -3 , the operation 
current nearly constant at 90 mA and stable con- 
tinuous wave operation was possible over 1000 
hours. In addition, the relationship between the 
carrier concentration in the p-type cladding layer 
and the threshold current for laslng with the com- 
position of Al In the p-type cladding layer as a 
variable shown in Fig. 9 indicates that when the 
carrier concentration In the p-type cladding layer Is 
greater than 5 x 10 l7 cnr 3 the threshold current 
abruptly increases due to the diffusion of Zn. On 
the other hand, when the carrier concentration in 
the p-type cladding layer is less than 2 x 10 17 cm" 3 
the increase of the resistance causes heating up of 
the semiconductor laser device which In turn give 
rises to the Increase of the threshold current from 
about 70 mA to about 80 mA and thereby lowers 
the characteristic temperature T 0 . These arguments 
also Indicate that the carrier concentration In the p- 
type cladding layer from 2 x 10 17 cm~ 3 to 5 x 
10 l7 cm-3 is desirable. 

Next, the composition of Af In the p-type 
lno.5Gao.1sAlQ.35P cladding layer 15, namely the 



specific value of 0.35, will be explained. For conve- 
nience, the p- type cladding layer will be ex- 
pressed generlcaJIy as (AixGaLjqtaqP (0 * z S 1, z 
* 1 - 2y) In the following, so that for the p-type 
5 cladding layer 15, z » 0.7 and q ■ 0.5. 

The value of q Is required to be 0.5 so that 
lattice matching between CaAs substrate and 
(AWaiJqinqP (0 £ z S 1, z = 1 - 2y) can be 
made, but it Is tolerable when the value Is within 
to the range of 0.45 and 0.55. 

Now, one parameter that characterizes the 
quality of a semiconductor laser device is a maxi- 
mum lasing temperature T^. This maximum las- 
lng temperature T^ has the following relationships 
is with the other laser parameters the characteristic 
temperature To, a resistance In series Rs, a ther- 
mal resistivity R th , and the threshold current for 
lasing 1^ 
ltn p ■ Io«exp(T7T 0 ) 
20 It,™ » lo*exp[(T+ATVTo] 
AT « (Vj + I^Rs)!^^ 
where b Is the value of the threshold current at 0 
* C, T is a heat sink temperature, AT is tempera- 
ture increment in the active region, Vj is a junction 
26 voltage, I* 0 * is the threshold current for the con- 
tinuous wave operation. The relationship between 
the maximum lasing temperature for continuous 
wave operation Tm^, and the characteristic tem- 
peature To with the threshold current for laslng ttf 
30 as a variable given by the above relationships is 
plotted In Fig. 10. Fig. 10 shows that the maximum 
lasing temperature T mtje and the the characteristic 
temperature To are proportional to each other, 
while the maximum lasing temperature the 
36 threshold current for lasing I^p are inversely pro- 
portional to each other. The characteristic tempera- 
ture To is known to depend heavily on the Impurity 
carrier concentration In the p-type cladding layer, 
and this relationship between the characteristic 
40 temperature To and the impurity carrier concentra- 
tion In the p-type cladding layer Is plotted In Fig. 
11 from experimental values. Fig. 11 shows that 
the characteristic temperature To and the impurity 
carrier concentration in the p-type cladding layer 
46 are proportional to each other. 

The relationships of the maximum lasing tem- 
perature Tma* the characteristic temperature To 
and the threshold current density J m with respect 
to the composition of Ai In the p-type cladding 
so layer Is plotted in Fig. 12 from experimental values. 
Fig. 12 shows, first of all, that the threshold current 
density J* Is nearly 3 kA/cm 2 for z * 0.4, which is 
large, and is 1.8 kA/cm 2 for z * 0.5, which Is still 
relatively large. But, for z a 0.7, the threshold 
66 current density J th Is reduced to 1.3 kA/cm 2 , so the 
value of z a 0.7 is much more desirable than Z =* 
0.4 - 0.5. Secondly, Fig. 12 shows that the char- 
acteristic temperature To Is proportional to z. In 
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particular, the characteristic, temperature T 0 
changes from 70 K to 85 K as z varies from 0.5 to 
0.7, so that the difference between the maximum 
iasing temperature In two extreme cases becomes 
almost 20 * C. 

It has also been observed that with Zn-doping, 
the carrier concentration In the p-type cladding 
iayer can only be 1 x I0 17 cm~ 3 for z ■ 0.8. so that 
the characteristic temperature To and the maximum 
Iasing temperature become low. However, for 
2 a 0.75, the carrier concentration in the p-type 
cladding layer can be as large as 2 x 10 17 cm" 3 , 
and the characteristic temperature To can be as 
high as 100 *C. On the other hand, It has been 
verified that in carrying out test operation at 50 * C 
with a semiconductor laser device using In^Qa! . 
zA\ z )j> (0 £ q S 1 , 0 £ z i 1) It is difficult to achieve 
a stable Iasing when the maximum Iasing tempera- 
ture for continuous wave operation T^ 0 * is less 
than 70 # C. Fig. 10 indicates that the maximum 
Iasing temperature for continuous wave operation 
Tmax 0 * can become less than 70 * C only when z < 
0.6. 

From the foregoing discussion, it can be de- 
rived that the most desirable composition of Ai in 
the p-type cladding layer is 0.85 S z £ 0.75. This 
range of the composition of Ai corresponds to the 
photolumlnescence peak wavelength at 25 * C of 
530 nm to 550 nm. • 

For the similar reason, ft is also desirable for 
the n-type (A^Ga, . *) q !n q P cladding layer to have 
the Ai composition of 0.65 S z * 0.75. although this 
is less significant than the case of p-type cladding 
layer as the n-type cladding layer plays less signifi- 
cant roie In affecting the leakage of the carriers in 
the semiconductor laser device. 

Referring now to Fig. 13, there Is shown one 
alternative configuration of the semiconductor laser 
device according to the present invention. 

In this alternative configuration, the semicon- 
ductor laser device comprises multi-layer structure 
of, from bottom to top, an n-type AuGe electrode 
110, an n-type GaAs substrate 111, a Si-doped n- 
type GaAs buffer layer 112, an n-type 
ino^Gao.tsAlojaP cladding layer 113, an ln 0 ^Gao. 8 P 
active layer 114, a p-type !no^Gao. 18 AIoj 6 P cladding 
layer 115. a p-type In^P etching stop layer 116, 
an n-type GaAs current block layer 117, a mesa 
shaped p-type ln 0 .aGaQ.,aAi<usP cladding layer 125, 
a p-type lno.sGao.aP Intermediate band gap layer 
128, a p-type lno.aGao.sP contact layer 118, and a 
p-type AuZn electrode 120. 

The procedure of growing is as follows. First, 
layers from the n-type GaAs substrate 11 to the p- 
type InojGaosP etching stop layer 116 are grown 
successively, and the mesa shaped p-type 
Ino.aGao.iBAiojjsP cladding layer 125 Is formed. 
Then the n-type GaAs current block layer 117 is 



selectively formed around the mesa shaped p-type 
Ina5Gao.1sAio.35P cladding layer 125, and the p-type 
lno.8<3aojP intermediate band gap iayer 128 is 
formed on the mesa shaped p-type 
5 lno.5Gao.1aAlo.3aP cladding layer 125, and finally the 
p-type GaAs contact layer 118 are grown. 

This configuration is characterized in that the 
p-type ino^GaaiaAlojsP cladding layer 115 is as 
thin as 0.3 nm thick, and that the transverse mode 

70 is restricted because of the absorption by the n- 
type GaAs current block layer 117. Consequently, 
stable fundamental transverse mode iasing is ob- 
tainable with low threshold current. Furthermore, 
because of the p-type Ino^Gao^P etching stop layer 

16 116, superior etching control is possible as weii. 

The other features are the same as the pre- 
vious configuration, l.e., that the carrier concentra- 
tion in the InojGaojP active layer 14 is controlled 
to be less than or equal to 5 x 10 16 cm" 3 , that the 

20 carrier concentration in the lno.5Gao.1aAI0.3sP clad- 
ding layer 15 Is set to be less than or equal to one 
half of the maximum carrier concentration obtain- 
able by Zn-doping, and that the composition of AI 
In the p-type cladding layer is 0.65 S z * 0.75. 

25 Referring now to Fig. 14, there is shown an- 
other alternative configuration of the semiconductor 
laser device according to the present invention. 

in this another alternative configuration, the 
semiconductor laser device comprises multi-layer 

so structure of, from bottom to top, an . n-type AuGe 
electrode 210, an n-type GaAs substrate 211, a Si- 
doped n-type GaAs buffer iayer 212, a Si-doped n- 
type lno.5Gao.sP buffer layer 222. a Si-doped n-type 
Ino^AlojP cladding layer 213, an ln 0 jGaojP active 

35 layer 214, a p-type lno.sGao.1sAlo.35P cladding layer 
215, a p-type ln0.aGao.5P etching stop layer 216, a 
Se-doped n-type GaAs current block iayer 217, a 
mesa shaped p-type lno.aGao.tsAlo.35P cladding lay- 
er 225, a p-type ln 0 jGaojP Intermediate contact 

40 layer 218, n-type GaAs contact layers 228 and 229, 
and a p-type AuZn electrode 220. 

In forming this configuration, the n-type GaAs 
current block layer 217 is doped with Se, because 
when the n-type GaAs current block layer 217 is to 

46 be grown on the mesa shaped p-type 
lno.sGao.i8Aio.38P cladding layer 225 by MOCVD, 
the use of Si dopant will introduce Si in the place 
of the group V atoms which turns the n-type GaAs 
current block layer 217 Into p-type in the vicinity of 

so the re-growth boundary, because of the Introduc- 
tion of defects at the re-growth boundary and the 
approaching of the growth plane toward the (1,1,1)- 
piane, so that the function of the n-type GaAs 
current block layer 217 is hampered, although with 

56 Si-doping the controllabilty of the diffusion in the 
grown region can be improved because of the 
small difference in the refractive indices between 
the n-type GaAs current block layer 217 and the 
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mesa shaped p-type lno.5Gao.15Alo.3sP cladding lay- 
er 225, With Se-doping, the difference In the re- 
fractive indices becomes larger and therefore the 
diffusion becomes greater, yet Se doping Is neces- 
sary not only to maintain the QaAs current block 
layer 217 in n-type, but also to make the carrier 
concentration in the QaAs current block layer 217 
to be over 3 x 10 18 cnrr 3 which Is required for the 
large enough output 

The p-type lno.5Gao.5P Intermediate contact lay- 
er 218 is provided in order to reduce the resistance 
between the mesa shaped p-type lno.5Gao.15Alo.MP 
cladding layer layer 225 and the n-type QaAs con- 
tact layer 228, and is a superlattice with a band 
gap larger than that of the n-type GaAs contact 
layer 228 but not larger than that of the mesa 
shaped p-type lno.5Gaa1sAlo.3sP cladding layer 225. 
The band gap of the p-type Ino^Gao^P intermedi- 
ate contact layer 218 may be made to vary gradu- 
ally such that the band gaps agree at the bound- 
aries of adjacent layers. 

The other features are the same as the pre- 
vious configuration, i.e., that the carrier concentra- 
tion in the ln 0 jGaojP active layer 14 is controlled 
to be less than or equal to 5 x 10 15 crTT 3 , that the 
carrier concentration in the lnojG80.15Alo.35P clad- 
ding layer 15 Is set to be less than or equal to one 
half of the maximum carrier concentration obtain- 
able by Zn-doping, and that the composition of A! 
in the p-type cladding layer Is 0.65 S z & 0.75. 

Next, a method of manufacturing this configu- 
ration of the semiconductor laser device according 
to the present invention will be explained. 

The double heterowafer was formed by the 
reduced pressure MOCVD using trimethylindium- 
(TMIn), trimethylgaJfiumfTMGa), and 

trimethylaJmlnum(TMAI) which are the group ill 
methyl metalorgans, and arslne(AsH 3 ) and 
phosphine(PH 3 ) which are the group V hydrides, as 
raw materials. Also, sllane(Sim), hydrogen 
selenide(HaSe), dimethylzinc(DMZn). and 
cyciopentadlenyl magnesium(Cp2Mg) were used as 
raw materials for dopants. The growing took place 
in the pressure of 15 to 35 Torr and the GaAs 
substrate temperature of 745 to 755 * C, with the 
growing speed of 2 urn/h. This manufacturing 
method is characterized in that the siiane gas is 
utilized in doping the n-type cladding layer. Thus, 
in growing the n-type cladding layer on the GaAs 
substrate which is heated up In the reaction cham- 
ber with theraw material gases, the siiane gas is 
used as a raw material gas for doping. 

The procedure of growing is as follows. First, 
the n-type GaAs substrate 211 of 5 x 10 l7 cm" 3 Si 
concentration, the 0.5 urn thick n-type GaAs buffer 
layer 212 of 5 x 10 17 cnT 3 Si concentration, the 0.5 
urn thick n-type lno.5Gao.5P buffer layer 222 of 5 x 
10 l7 cnrT 3 Si concentration, the 1.0 urn thick n-type 



lrto.5Alo.5P cladding layer 213 of 5 x lO^cm -3 SI 
concentration, the 0.08 um thick lno.5Gao.5P active 
layer 214, the 0.2 um thick p-type lnojGao.15AI0.3sP 
cladding layer 215 of 1 x Wcnr 3 Mg concentra- 
s tlon, the 0.01 um thick p-type ln w GaojP etching 
stop layer 216 of 1 x 10 18 cm" 3 Mg concentration, 
the 1 um thick mesa shaped p-type 
InojOao/isAfiuflP cladding layer 225 of 1 x 
10 18 cm"3 Mg concentration, the 0.01 um thick p- 
10 type InosGaojP intermediate contact layer 218, and 
the 0.5 um thick n-type GaAs contact layer 228 of 
1 x 10 1s crrr 3 Mg concentration on the mesa 
shaped p-type InojOaaisAloasP cladding layer 225 
were grown In succession. Then, the 0.5 um thick 
is n-type GaAs current block layer 217 of 5 x 
10 1, cm" 3 Se concentration was grown except on 
the n-type GaAs contact layer 228 by using SI02 
masking and selective growing, and then the n-type 
GaAs contact layers 229 of 1 x lO^cm" 3 Zn con- 
20 centration was grown. 

This double heterowafer was manufactured by 
the conventional manner into a semiconductor laser 
device of 250 um resonant cavity length and 5 um 
stripe width which were able to be lased with the 
25 threshold current of 40 mA. The light output had 
reached over 30 mW, and good current vs light 
output characteristics without any kinks were ob- 
served. Moreover, the distribution of the threshold 
current inside and outside of the double 
30 heterowafer was observed to be within ± 10 % 
which Indicate very good reproduction. Further- 
more, because of the Si-doping of the n-type clad- 
ding layer, the doping efficiency was almost in- 
dependent of the Al composition In the n-type 
35 cladding layer, as shown In Fig. 15. 

As explained so far, according to this embodi- 
ment it is possible to provide a semiconductor 
laser device using ln x GayAli . x . y P(0SxSl,0Sy 
£ 1) capable of preventing the leakage of the 
40 carriers and thereby suppressing the threshold cur- 
rent, by controlling the carrier concentration In the 
lno.5Gao.5P active layer 14 to be less than or equal 
to 5 x lO^cnT 3 . In addition, according to this 
embodiment it Is possible to make such a semicon- 
45 ductor laser device to be operative with small 
threshold current density and at high temperature, 
by setting the carrier concentration In the p-type 
cladding layer to be less than a half of the maxi- 
mum value obtainable, which is 2.5 x 10 t7 cm" 3 . 
so Furthermore, according to this embodiment it is 
possible to make such a semiconductor laser de- 
vice to be able to carry out stable continuous wave 
operation over considerably longer period of time, 
by setting the carrier concentration in the n-type 
66 cladding layer to be less than 5 x I0 ,7 cm~ 3 with Si 
as impurity. 

it Is to be noted that many modifications and 
variations of these embodiments may be made 
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without departing from the novel and advantageous 
features of the present Invention. Accordingly, all 
such nodlf (cations and variations are Intended to be 
included within the scope of the appended claims. 



Claims 

1. A semiconductor laser device, comprising: 
a GaAs substrate (11); and 

a double heterostructure formed on the QaAs 
substrate(H), comprised of lnxGayAI, . x . yP (0 £ x 
£ 1, 0 £ y £ 1) including an active- layer(T4), 
characterized In that the active layer has a carrier 
concentration not greater than 5 x to^cnr 9 . 

2. The device of daim 1, wherein the double 
heterostructure further includes a Zn-doped p-type 
dadding layer(15), the Zn-doped p-type cladding 
layer(15) having a carrier concentration not greater 
than one half of a maximum value for the carrier 
concentration obtainable by Zn-dopJng. 

3. The device of claim 1, wherein the double 
heterostructure comprises: 

an n-type ln x GayAi, . x . y P (0 £ x £ 1 t 0 £ y £ 1) 
cladding layer(1 3); 

an InQaP active layer{14) In contact with the n-type 
InxQayAI, . z . y (0 £ x £ 1, 0 £ y £ 1) cladding layer- 
03); 

a p-type IrvGayAi, . x . yP (0 £ x £ 1, 0 £ y £ 1) 
cladding Iayer(l5) in contact with the InQaP active 
layer(14); 

a p-type InGaP capping layer(18) In contact with 
the p-type I^Ga^, . x . y P (0 £ x £ 1, 0 £ y £ 1) 
cladding layer(15); 

an n-type GaAs block layer(17) in contact with the 
p-type InGaP capping layer(16); and 
a p-type GaAs contact iayer(18) in contact with the 
n-type GaAs block Iayer(l7) Including a cuurent 
pinching sectlon(30) which is also In contact with 
the p-type InGaP capping Iayer(l6). 

4. The device of claim 1, wherein the double 
heterostructure comprises: 

an n-type In^ayA!, . x .yP(0£x£l,0£y£1) 
cladding layer (113); 

an InGaP active layer(114) In contact with the n- 
type ln x GayAI, . x . y P (0 £ x £ 1, 0 £ y £ 1) cladding 
Iayer(1l3); 

a p-type I^Ga^l, . x . y P (0 £ x £ 1, 0 £ y £ 1) 
cladding Iayer(l15) in contact with the InGaP active 
layer(114); 

a p-type InGaP etching stop layer(116) in contact 
with the p-type ln x GayAI, . K . y P(0 £ x £ 1, 0 £ y £ 
1) cladding layer(115); 

an n-type GaAs current block layer(H7) In contact 
with the p-type InGaP etching stop layer(116); 
a mesa shaped p-type lnxGayAI, . x . y P (0 £ x S 1 , 0 
£ y £ 1) cladding Iayer(l25) in contact with the 
InGaP etching stop layer(116); 



a p-type InGaP intermediate band gap Iayer(l26) in 
contact with the mesa shaped p-type InxGayAJ, . x . 
yP(0£x£1,0£y£1) dadding layer(125); and 
a p-type InGaP contact layer(118) in contact with 
s the n-type GaAs current block layer(117) including 
a section which Is also in contact with the p-type 
InGaP Intermediate band gap layer(126). 

5. A semiconductor laser device, comprising: 
a GaAs substrate(11); and 

io a double heterostructure formed on the GaAs 
substrate(11) f comprised of InGaP active layer(14) 
and p-type In^Ga, . ^Al^p (0£q£1,0£z£1) 
cladding layer(15). 

characterized in that a value of z Is between 0.65 
75 and 0.75. 

6. The device of claim 5, wherein a value of q 
Is between 0.45 and 0.55. 

7. The device of claim 6, wherein the p-type 
,n q(Gai . zAlz) q P (0£q£l,0£z£1) cladding 

20 Iayer(15) has a carrier concentration between 2 x 
lO^cm" 3 and 5 x 10 17 cm"3. 

8. The device of claim 6, wherein the p-type 
ln q (Ga, . ^P (0 £ q £ 1, 0 £ z £ 1) cladding 
layer(15) has a photoluminescence peak 

25 wavelength between 530 nm and 550 nm. 

9. The device of claim 5, wherein the double 
heterostructure further comprises n-type Inq(Gai . 
,Ay q P (0£q£1,0£z£1) dadding iayer(13) 
with .a value of z between 0.65 and 0.75. 

so 10. The device of claim 9, wherein a value of q 
is between 0.45 and 0.55. 

11. The device of claim 10, wherein the p-type 
ln q (Ga, . jAIJ q P (0 £ q£ 1, 0 £ z £ 1) cladding 
layer{15) has a carrier concentration between 2 x 

36 10 ,7 cnr 3 and 5 x 10 17 cnr 3 . 

12. The device of claim 10, wherein the p-type 
ln q (Ga, . .AiJqP (0£q£1,0£z£1) cladding 
layer(15) has a photoluminescence peak 
wavelength between 530 nm and 550 nm. 

40 13. A semiconductor laser device, comprising: 
a GaAs substrate(1 1 1 ); and 
a double heterostructure formed on the GaAs 
substrate(1 1 1), comprised of lnxGayAI, . x . y P (0 £ x 
£ 1, 0 £ y £ 1) including an n-type cladding layer- 

46 (1 13) and an p-type cladding layer(125), 

characterized in that the n-type cladding layer(H3) 
is Sl-doped. 

14. The device of claim 13 t wherein the Sl- 
doped n-type dadding layer(113) has a carrier con- 
so centration less than 5 x 10 17 cm" 3 . 

15. The device of claim 13. further comprising 
a n-type GaAs cuurrent block layer(117) In contant 
with the p-type cladding Iayer(l25), the current 
block layer being Se-doped. 

55 18. A method of manufacturing semiconductor 
laser device comprising the steps of: 
placing GaAs substrate In a reaction chamber; 
heating up the GaAs substrate with raw material 
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gases belonging to the group III and the group V; 
and 

forming on the QaAs substrate an n«type cladding 
layer, an active layer and a p-type cladding layer 
by MOCVD, 

characterized in that at the forming step the n-type 
cladding layer is formed with silane gas as a raw 
material for the dopant 
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